The ICECREAM model is a field-scale agricultural management model capable of simulating surface runoff, macropore flow, evapotranspiration, crop yield, soil erosion or sediment loads and nutrient (e.g., phosphorus and nitrogen) losses to the environment. Derived from the CREAMS and GLEAMS models, ICECREAM and was modified to adapt it to Nordic conditions (Rekolainen and Posch, 1993) by equipping it to simulate snow accumulation and snowmelt, soil frost, evapotranspiration, leaf area index and soil erosion. The Soil Conservation Service (SCS) curve number method is used to partition surface runoff and infiltration arising from precipitation. The Curve Number 2 (CN2) values are input separately for different agricultural management practices (e.g., cropping, harvest, tillage, seedbed preparation).
circuit water flow and transport algorithm. In the absence of water-table-and-drain-spacing-based tile drainage simulations, total tile drainage is obtained by summing the water flowing from micropore and macropore regions into tile drains, the portion of water which the bypasses drains being handled as "lateral flow." A number of soil parameters influence water flow through the micropore region [e.g., saturated hydraulic conductivity (k_sat)] and macropore region [e.g., SCS curve number (CN2), threshold for generating macropore flow, fraction of water routed into macropores].
Like a number of other current P-module-bearing models (e.g., ADAPT, APEX, SWAT) the P subroutine in ICECREAM was based on a P model originally developed for EPIC (Jones et al.,1984) , updated with modified equations and P pools ( Figure 1 ). P losses occur in two forms, DRP and PP. The processes of P transfer between different P pools (e.g., mineralization, immobilization) are controlled by environmental factors including temperature, soil moisture content and the P sorption coefficient (PSP). Based on soil parameters such as CaCO_3 concentration, pH, base saturation and clay content, four methods are available to calculate PSP.
Parameter Equations
TS and TL are the threshold temperature for solid and liquid precipitation respectively. TS is the temperature below which only snow occurs, and TL is the temperature above which it only rains. When temperature is between TS and TL, the form of the precipitation is calculated as:
Where and are the fraction of snow and liquid precipitation of that day's total precipitation [mm] , is the temperature of that day [°C] , and is the total precipitation of that day [mm] .
Besides MN, USLE parameters are important factors controlling soil loss simulation. The estimation of rainfall and runoff erosivity index (R-factor) in the USLE model requires breakpoint rainfall data. Since in most research breakpoint data are difficult to obtain, in the model R factor is estimated separately for each month using a power law:
where and are coefficient which is given separately for different months, and is the daily rainfall amount [mm]. Larsson et al. (2007) adopted the two domain (macropores and soil matrix) concept and developed equations based on a simpler storage-routing theory. A groundwater reservoir concept is introduced for simulating subsurface soil water. Water flows into macropores only if the water content of the two upper layers exceeds "the fraction of field capacity," and whenever the infiltration capacity of micropores is exceeded. Downward flow in the micropore region occurs only if water storage exceeds the difference between field capacity and the wilting point of the soil layer. Macropore and micropore water flow are simulated, respectively, using: deemed to be less accurate than more physically-based soil water content simulation using the Richards equation (Larsson et al. 2007 ).
Although there were no tile drainage components based on water table in ICECREAM, tile drainage is simulated using water drained from the macropore and soil matrix (Larsson et al. 2007 ). Macropores are regarded as the dominant path for dissolved reactive P (DRP) loss in tile drains "due to the large adsorption in soil matrix" (Larsson et al. 2007) . DRP loss to macropores is simulated using:
where is the concentration of dissolved reactive phosphorus in macropores [
is the amount of labile P at shallow surface depth
is the depth of shallow surface soil [L] , which is set to 1 mm; 1 is the water content of the topsoil layer [%]; 1 is the dry bulk density of topsoil [
The DRP transport in the soil matrix is calculated by the convective mass transfer.
In the calculations of PP loss in subsurface flow, firstly, the transport of soil suspended particles (SP) to tile drains is calculated as the product of SP concentration and the water flow to tile drains. However, SP entering macropores is reduced by the filtering process in the drain entering pathway, so the SP reaching tile drains can be calculated as follows: 
The particle generation and detachment for particulate P loss to tile drains are computed using the method introduced by Jarvis et al. (1999) as :
where, is the soil detachability coefficient
is the erosivity factor
, which was adapted for the USLE and was modified based on Finnish climate (Posch and Rekolainen, 1993) in the model; is the quantity of readily dispersible
, which is dynamically changing between rainfall events due to removal of particles and particle replenishment ; and is the empirical crop management factor (Laflen et al., 1985) .
Where is a specific replenishment rate coefficient, the maximum size of the pool of readily available particles is given as a function of the clay content. is assumed to result from soil rearranging including tillage, freezing and thawing, wetting and drying, activities of earthworms. The PP transport in tile drain water flow is calculated as a product of all P pools and a fraction factor (Knisel et al., 1993) : 
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